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© Fuel cell generator containing self-supporting high gas flow solid oxide electrolyte fuel cells. 



© Axially elongated, electrochemical cell assembly 
containing a plurality of cell elements each made up 
of an electronically conductive, porous, inner elec- 
trode (47), an annular, solid electrolyte (45) contact- 
ing and surrounding said first electrode, and an 
annular, electronically conductive, porous, outer 
electrode (49) contacting and surrounding said elec- 
trolyte, with annular, electronically conductive, inter- 
connection members (51) disposed between and 
bonded to cell elements, where the inner electrodes 
of the cell elements are electronically connected 
through the interconnection member, and the outer 
electrodes of the cell elements are physically and 
electronically segmented from each other; where a 
plurality of such cell assemblies can be connected 
J^by a sleeving means and placed in the generating 
^chamber of an electrochemical cell generator, which 
OQalso has an associated dual gaseous reactant input, 
00 at least one combustion product chamber, and a 
® combustion product gas exhaust. 
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IMPROVEMENTS IN OR RELATING TO ELECTROCHEMICAL CELLS 



This invention relates to high temperature, solid 
electrolyte, elongated, electrochemical cells con- 
taining a plurality of annular* self-supporting cell 
segments or elements contacting annular intercon- 
nection members disposed between the cell ele- 
ments; and to a plurality of such cells electronically 
interconnected in a generator chamber in an elec- 
trochemical generator apparatus. 

Fuel cells having a concentric configuration of 
tubular electrodes/ supported and spaced away 
from each other, are well known in the art, and 
disclosed, for example, in U.S. Patent Specification 
No. 3,259,524 (Fay et a!.). There, a noble metal 
impregnated, closed-tube, outer graphite electrode 
was supported in a spaced relationship in a hous- 
ing, by inert plugs, and contained a spaced apart, 
closed-tube, inner palladium electrode into the bot- 
tom of which a fuel was fed by means of a long 
fuel tube. The electrolyte used was an aqueous 
solution of potassium hydroxide, and the apparatus 
operated at a low temperature. It was later found, 
that solid electrolyte fuel cells, operating at a high 
temperature, provided a much more efficient elec- 
trochemical apparatus. Electrical connections be- 
tween adjacent cells posed interesting problems in 
these solid oxide type apparatus. 

U.S. Patent Specification Nos. 3,402,230 and 
3,460,991 (White), disclose a self-supporting, one 
piece, tubular, high temperature, solid electrolyte 
fuel cell tube. There, an elongated, tubular, gas 
tight cell stack was taught, with solid electrolyte 
generally disposed between air electrodes and fuel 
electrodes. The cell tube was unitarily formed as a 
continuous tube, rather than assembled as a series 
of individual cells. Gaps between the ceils were 
filled with an overlap of top air electrode overrun- 
ning the underlying solid electrolyte to physically 
and electrically contact the bottom electrode for- 
ming an electrode-to-electrode connection on the 
tubular structure. Calcia stabilized electrolyte was 
taught, along with a variety of cathode and anode 
materials. Electronic connections between individ- 
ual fuel cell stapk tubes were made in series, 
directly from the inner electrode of one cell stack 
tube to the outer electrode of a parallel, adjacent 
cell stack tube. 

U.S. Patent 3,525,646 (Tannenberger et a!.), 
also discloses a tubular, solid oxide, fuel cell stack 
structure, similar to that disclosed by White, but, 
supported on a porous tube, and having segmenta- 
tion between top electrode layers and between 
bottom electrode layers, but electronic connection 
between bottom and top electrodes along its 
length. U.S. Patent 3,536,549 (Archer et al.), also 
deals with flat, solid electrolyte in cylindrical cell 



configuration, utilizing a fuel and an oxidant. There, 
fuel and air electrodes were coated on opposite 
faces of a solid electrolyte disc, between contact- 
ing annular gaskets and spaced apart annular cur- 

5 rent collectors which defined air and fuel compart- 
ments. Both air and fuel were fed through man* 
ifolds internal to the cells, where air and fuel flow 
across electrodes was 90° to the axial length of the 
cylindrical configuration. 

70 U.S. Patent Specification No. 3,668,010 (Fally 

et al.), discloses solid electrolyte ceil stacks in 
tubular form, having electrodes on their inner and 
outer surfaces, where a round metal plug was used 
I to fill holes made through the electrode tube, so as 

75 to electronically conect the outer electrode of one 
cell with the inner electrode of an adjacent cell in 
series, similarly to White, at a number of places 
around the circumference of the tube. U.S. Patent 
Specification No. 4,174,260 discloses internal, tu- 

20 bular interconnection rings, for series-connected 
cell stacks, where the inner electrode of a tubular, 
solid oxide, fuel cell arrangement overlapped an 
inner portion of the interconnection ring, and the 
outer electrode overlapped an outer portion of the 

25 interconnection ring, so as to electronically connect 
inner and outer electrodes, again, similarly to 
White. 

More to date, U.S. Patent Specification No. 
4,395,468 (Isenberg), discloses a fuel cell arrange- 

30 ment incorporating long, thin, continuous, tubular, 
solid oxide fuel ceils, where air was fed into the 
center of the single cell tube, which contained an 
air electrode on a support tube, by means of air 
feed tubes, which could be inserted into the porous 

as support tube for air distribution. Fuel flowed be- 
tween and around the outer fuel electrodes of par- 
. allel sets of single fuel ceils. A single air inlet, fuel 
* inlet and reaction product combustion outlet are 
disclosed. U.S. Patent Specification No. 4,490,444 

40 (Isenberg), discloses solid oxide fuel cell configura- 
tions and interconnections. The fuel cell design is a 
continuous design used in U.S. Patent Specification 
No. 4,395,468 (Isenberg), and is constructed with a 
long, separate, central, porous support tube cov- 

45 ered by an air electrode, solid electrolyte and fuel 
electrode. Each fuel cell had a long, single inter- 
connection, and an attached metal felt strip, ex- 
tending the length of the fuel cell, for the air 
electrode of one cell to electronically connect to 

so the fuel electrode of adjacent cell. Cells could also 
be connected in parallel by means of additional, 
attached, metal felt strips. 
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An alternate design disclosed in U.S. Patent 
Specification 4,490,444 (Isenberg), involves circum- 
ferential segmentation of the elongated single cells. 
By dividing the long cell into segments, each seg- 
ment would be contacted with similarly depleted air 
and fuel, rather than one end of a long cell seeing 
fresh air and fresh fuel and the other end seeing 
completely depleted air and completely depleted 
fuel. The circumferential portion between segments 
was taught as being an electronically insulating 
solid electrolyte material, such as yttria stabilized 
zircdnia. In all cases, the air electrode could be 
made of doped or undoped oxides or mixtures of 
oxides in the pervoskite family, such as LaMn03, 
and the fuel electrode could be made of a nickel 
zirconia cermet material; U.S. Serial No. 852,865 
(Qrimble et aL), filed April 16, 1986 discloses the 
further advance of the in-situ reforming of fuel along 
the entire length of the fuel cell, and the addition of 
separate fuel feed tubes exterior to and disposed 
between the fuel cells to provide unreformed fuel 
feed. 

U.S. Patent Specification No. 4,476,198 
(Ackerman et aL), discloses solid oxide fuel cells 
arranged in a close packed, contacting array in a 
generator which represents a departure from 
spaced apart tubular ceils. Here, a corrugated plate 
structure of fuel electrode, air electrode and elec- 
trolyte formed opposing triangular channels in con- 
tact with an electrical interconnection material layer 
disposed between those corrOgated layers and 
connecting positive and negative electrodes of dif- 
ferents layers. All the layers were in bonded series- 
connected electronic contact through the intercon- 
nection. Oxidant was fed into a triangular air elec- 
trode space by means of air feed tubes extending 
the length of the air electrode space. Single oxidant 
inlet, fuel inlet, generator, and reaction product 
combustion outlet chambers were taught. The fuel 
and air electrbdef? and electrolyte disposed be- 
tween them were of a long, continuous design. 

the fuel cell and generator of U.S. Patent 
Specification Nos ; 4,395,468 and 4,490,444, the 
most current of the tubular designs, relate to long 
cells, usually or about 15 mm outside diameter, 
where, however, the diameter of the cell cannot be 
increased without also raising the cell resistance. 
These fuel cells have associated power losses due 
in the main to the resistance of the oxide air 
electrodes and due to the fact that the electrical 
current in the air electrode flows in a circumferen- 
tial pattern to an axially positioned interconnection 
strip, and from there to a metallic current collector 
felt. These cells also require time consuming and 
expensive masking-demasking steps in the deposi- 
tion processes used and add substantially to cell 
cost, which cost becomes very significant because 
of the large number of cells required in each gen- 



erator. Also, cell designs of White, Tannenberger et 
aL, Schmidberger, and similar series-connected 
stack type processes, require labor intensive 
masking-demasking steps and electrical intercon- 

s nection steps adding substantially to design com- 
plication and ceil cost 

Present cells of this tubular configuration can 
achieve moderate power levels, about 20 watts per 
30 cm long fuel cell tube. Power can be increased 

io by extending the length of the active cell, however, 
cell lengths over about 1 SL meters (4 feet) present 
fabrication problems. Also, long and small bore cell 
tubes present a problem in air manifolding in gen- 
erators, due to increased pressure drop. While the 

is present design is reliable and qurte adequate for 
small and medium size generators, and new design 
of both generator and fuel cell is needed, which 
would provide major cost reductions in cell fabrica- 
tion, while at the same time providing higher gener- 

20 ator power levels. 

It is an object of this invention to provide a 
unique cell configuration of increased diameter, 
allowing the cells to be self-supporting and easily 
and inexpensively fabricated, where the configura- 

25 tion provides a shorter current flow path in the air 
electrode, and also to provide a more efficient and 
power capable interconnection, support, and gener- 
ator design. 

Accordingly, the present invention resides in a 
30 single electrochemical cell, characterized in that 
said cell comprises a plurality of cell segments 
each comprising an annular, electronically conduc- 
tive, porous, inner electrode; solid electrolyte con- 
tacting and surrounding said inner electrode; an 
35 electronically conductive, porous outer electrode 
contacting and surrounding said electrolyte; and an 
annular, electronically conductive, interconnection 
member disposed between adjacent segments, 
electronically connecting the inner electrode of one 
40 cell segment to the inner electrode of an adjacent 
cell segment, the outer electrodes being physically 
and electronically segmented from each other and 
from the inner electrodes of adjacent cell seg- 
ments. 

45 The invention also includes an axially elon- 

gated, annular, fuel cell assembly, characterized in 
that said assembly comprises a plurality of cell 
elments each comprising a self-supporting, annular, 
electronically conductive, porous, inner air elec- 

50 trode; solid oxide electrolyte contacting and sur- 
rounding said air electrode; and an electronically - 
conductive, porous, outer fuel electrode contacting 
and surrounding said electrolyte; with an annular, 
electronically conductive, interconnection members 

55 disposed between and bonded to the cell ele- 
ments, and in that the inner air electrodes of the 
cell elements on the same cell assembly are elec- 
tronically connected through the interconnection 
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member while the outer electrodes of the cell ele- 
ments on the same cell assembly are physically 
and electronically segregated from each other and 
from the inner electrodes on the same cell assem- 
bly. 

In Its broadest aspect, the present invention 
provides an axiaily elongated, annular, low voltage 
electrochemical cell comprising a plurality of an- 
nular, cell segments or elements. The term 
"annular" as used herein can include a variety of 
closed cross-sections, such as a round or square 
cross-section. Such cells in an assembly are usu- 
ally divided into several ceil sub-assemblies con- 
nected by a sleeving means. Each ceil segment or 
element has an inner and outer annular electrode 
with an electronically insulating, solid electrolyte 
layer therebetween. The inner electrode of each 
cell element is bonded to an annular, electronically 
conductive, interconnection ring member disposed 
between cell elements, while the outer electrodes 
of the plurality of cell elements are physically and 
electronically segmented from each other and from 
the inner electrodes. The electrodes are electron- 
ically conductive, i.e., allow free flow of electrons. 
The electrolyte is ionically conductive and electron- 
ically insulating, Le., electrons are attached to a 
mass which transfers through the electrolyte, the 
ion contains the mass plus electrons. 

Thus, there is a continuous electronical con- 
duction through the entire tubular length of the 
inner electrode portion of the sub-assemblies and a 
short current flow path in the inner air electrode to 
the interconnection member. A hollow air flow path 
is defined by the air electrode elements or seg- 
ments and the interconnection member. In all in- 
stances, each successive layer surrounds the bot- 
tom layer it contacts. 

Preferably the interconnection member has a 
recess, notched or grooved in its side, to receive 
the annular inner electrode edge. Also, simpfe, 
square butting joints can be used at the inner 
electrode-interconnection member interface, which 
is in all cases sinter bonded together or glued with 
conductive cement The solid electrolyte layer pref- 
erably covers an outer portion of the interconnec- 
tion member, insuring a gas tight seal between the 
gas tight interconnection member and the inner 
electrode. The bonded cell elements are self-sup- 
porting and longer, while the interconnection mem- 
bers are short but of similar diameter, which is not 
limited to any dimention. The axiaily elongated, cell 
assemblies are positioned parallel to and adjacent 
one another and electronically connected in series 
by conductive assembly connectors, such as wires 
metal felts or metal tapes, each assembly connec- 
tor contacting the interconnection member of one 
cell assembly, and the outer electrode of an adja- 
cent cell assembly. In a somewhat Similar fashion, 



parallel electrical connections can be made, where 
interconnections are contacted to interconnections 
and outer electrodes are contacted to outer elec- 
trodes. 

5 The power output of each cell element can be 

as high as 10 watts, and since a 2 meter (6.5 feet) 
cell assembly length is possible using the configu- 
ration of this invention, and a variety of connecting, 
sleeving members, the long cell assembly can be 

to composed of four, 50 cm long cell sub-assemblies, 
each sub-assembly containing about 5 cell ele- 
ments, totaling about 40 ceil elements and repre- 
senting a possible 400 total watts per elongated, 
ceil assembly. This cell configuration can of course 

rs also be used for short length cell assemblies. For 
an equal number of tubular structures, this could 
provide up to 20 times more power than former 
isenberg tubular fuel cell designs. Each cell ele- 
ment can be about 40 mm long and have about a 

so 45 mm outside diameter, with a wall thickness of 
about 3 mm. This relatively large cross section and 
wall thickness eliminates the need for a separate 
support member, and provides a large internal 
cross-sectional area for gas flow. The cell element 

25 diameter is governed by resistance losses in metal 
connectors from cell assembly to cell assembly. 
Smaller cell element diameters can be of advan- 
tage in reducing electrica losses in such. 

For optimum operation of these large internal 

30 area cell elements, a higher flow of fuel and air is 
required than for former tubular fuel ceil designs. 
While the unique, electrochemical cell assemblies 
of this invention can be used in a well known 
conventional generator shell, containing single gen- 

35 erating and preheating chambers, to provide a new 
generator design, a higher gas flow design is pre- 
ferred. In the high gas flow generator apparatus 
design of this invention, the elongated cell assem- 
blies will be open at both ends, each end being in 

40 communication with a separate combustion product 
• chamber having its own exhaust gas exit port. 

The new generator design of this invention thus 
comprises: a housing means defining a plurality of 
chambers including two combustion product cham- 

45 bers, with a generator chamber disposed between 
them; porous barriers separating the generator 
chamber and the two combustion product cham- 
bers; a plurality of elongated, annular, electro- 
chemical cell assemblies comprising a plurality of 

50 ceil elements disposed in the generator chamber; . 
means for flowing a first gaseous reactant into the 
elongated, annular, electrochemical cell assem- 
blies, to contact an inner electrode, and through the 
porous barriers into the combustion product cham- 

55 bers; means for flowing a second gaseous reactant 
into the generating chamber, about the elongated, 
annular, electrochemical cell assemblies, to contact 
an outer electrode, and through the porous barriers 
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into the combustion product chambers; means for 
segregating the first and second reactants from 
direct contact with one another prior to entry of 
each into the combustion product chambers; and 
means to exhaust the first and second reactants 
from the combustion product chambers. 

Preferably, the means to flow gaseous reac- 
tants is a gas injector tube, the electrochemical ceil 
assemblies are fuel cell assemblies, with the outer 
electrode being a fuel electrode and the inner 
electrode being an air electrode. Preferably, the 
cell elements and interconnection members are 
circular, although other cross-sections are possible, 
for example, a corrugated cross-section would al- 
low an increase of the active surface area of the 
cell elements. Preferably, the sub-assemblies are 
connected by means of a sleeve member which 
also provides internal support for gas injector tubes 
centrally located within the elongated, fuel cell as- 
sembly. 

The elongated, electrochemical cell assembly, 
which constitutes essentially a large, segmented, 
single cell, described in this invention can dramati- 
cally increase power levels over present single, 
continuous, long cell configurations, can allow 
elimination of the inner porous support structure for 
the cell elements, can help solve pressure drop 
problems in gas manifolding inherent in small bore 
long tube design, can substantially eliminate ex- 
pensive fabrication costs of small bore long tubes, 
can allow much better thermal expansion matching 
of cell assembly components because sintered 
bodies of better matching compositions can be 
used, and can help eliminate laborious vapor depo- 
sition and masking-demasking processing steps in 
vapor deposition of the thin layer electrolyte, for 
instance, presently used for solid oxide fuel cells. 
This design can also be utilized as an electrolysis 
cell for steam and carbon dioxide. 

In order that the invention can be more clearly 
understood, convenient embodiments thereof will 
now be described* by way of example, with refer- 
ence to the accompanying drawings in which: 

Figure 1 is a broken prospective view of the 
long, tubular, prior art electrochemical cell design 
using metal felt interconnections, in a prior art 
electrochemical generator shell having a single 
generator chamber, and a single combustion prod- 
uct chamber; 

Fig. 2 is a broken perspective view of one 
embodiment of an electrochemical generator, in- 
cluding a plurality of elongated, electrochemical 
cell assemblies and dual combustion product 
chamber; 

Fig. 3 is a cross-sectional view of the elec- 
trochemical generator of Fig. 2 showing interior and 
exterior gas injector tubes and dual combustion 
product chambers; 



Fig. 4 is a cross-sectional view of several 
bonded cell elements and interconnection mem- 
bers, making up part of a cell sub-assembly, along 
with a gas injector tube and an attached, open end 
5 cap, with Fig. 4A and Fig. 4B showing modifica- 
tions of the interconnection members; 

Fig. 5 is a cross-sectionaJ view of the joined 
ends of two cell segment sub-assemblies, showing 
the sleeve member connector which also provides 
10 support for an interior gas injector tube; 

Rg. 6 is a cross-sectional view of the spider 
support for the interior gas injector tube, shown in 
Fig. 5, taken along line VI-VI of Rg. 5; 

Rg. 7 is a cross-sectional view of one em- 
is bodiment of a corrugated cross section for a cell 
element; 

Rg. 8 is a side view of series connection 
between three adjacent, staggered, electrochemical 
ceil sub-assemblies; and 
20 Rg. 9A and Rg. 9B are cross-sectional 

views of series-parallel connected, adjacent elec- 
trochemical cell sub-assemblies taken along the 
lines IXA and IXB of Rg. 4. 

Referring now to Rg. 1 a prior art fuel cell and 
25 fuel cell generator design, such as that described 
in U.S. Patent Specification No. 4,395,468, is 
shown. The generator contains a gas tight housing 
12, with associated insulation 22, a single generat- 
ing chamber 14. and a single preheating chamber 
30 16 with exhaust port 28. Fuel, PI, flows into one 
side of the generator, and oxidant. P2. flows into 
the other side. The fuel flows about the long, tubu- 
lar, one piece fuel cells 39 and through porous 
barrier layer 32 into the combustion product cham- 
35 ber. as depleted fuel. Oxidant enters the fuel cells 
39 by means of oxidant injector feed tubes 20, 
which have an open end within the fuel ceils 39 
whereby fresh oxidant reaches the inside end of 
the fuel cells, reverses direction, and as depleted 
40 oxidant exits through inactive portion 48 into the 
preheating chamber 16. The depleted oxidant con- 
tacts depleted fuel in the preheating chamber, both 
of which combust to heat the oxidant flowing within 
feed tubes 20, and then exit through port 28. The 
45 fuel cells 39 are all interconnected by means of 
long, external, metal fiber felts 54, extending along 
the entire active length of the fuel cells. The ends 
44 of the fuel cells 39 are closed. 

Referring to Rg. 2. there is shown one embodi- 
50 ment of a high power, high gas flow, electrochemi- 
cal cell generator design. The generator 10 in- 
cludes a gas tight housing means 12, defining and 
surrounding a plurality of chambers, including a 
central generating chamber 14 disposed between 
55 dual combustion product or preheating chambers 
15 and 16. A fuel inlet chamber or appropriate 
manifolding means .17 and an oxidant inlet cham- 
ber or appropriate manifolding means 18 can also 
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be contained within housing 12, each disposed 
next to a preheating chamber. Porous barriers 31 
and 32 separate the central generating chamber 14 
and the two combustion product or preheating 
chambers 15 and 16. A plurality of axialiy elon- 
gated, electrochemical cell assemblies 40. each 
comprising a plurality of cell elements, are dis- 
posed within the central generating chamber 14. 

The generator 10 also has means for flowing a 
first gaseous reactant, fuel Pi, about the cell as- 
semblies 40, to contact an outer electrode, and 
through the porous barriers 31 and 32 into com- 
bustion product chambers 15 and 16; and means 
for flowing a second gaseous reactant, oxidant P2, 
into the cell assemblies 40, to contact an inner 
electrode, and through the porous barriers 32 and 
31 into combustion product chambers 16 and 15. 
The first and second reactants are segregated from 
direct contact with one another prior to entry of 
each into the combustion product chambers. 

The housing 12 is preferably comprised of 
steel or other suitable metal alloy, and lined 
throughout with a thermal insulation, one layer of 
which is shown as 22 such as low density alumina 
insulation. Penetrating the housing 12 and insula- 
tion 22 is a fuel iniet port 24, shown best in Fig. 3 
of the Drawings, an air inlet port 26, and combution 
product outlet ports 27 and 28, as well as ports for 
insulated electrical leads 58, also shown best in 
Fig. 3. The generating chamber 14 extends be* 
tween the porous barriers 31 and 32. The preheat- 
ing chambers 15 and 16 extend between the po- 
rous barriers 31 and 32 and a respective tube 
support structure of some sort, such as metal tube 
sheets 33 and 34. The oxidant inlet chamber 18 
can extend between the tube sheet 34 and end 
wall 36 of the housing 12. The fuel iniet chamber 
17 can extend between the tube sheet 33 and end 
wall 30 of the housing 12. The dividing barriers can 
include, other structural types, and additional sup- 
port and flow baffles can be incorporated. 

The shown barriers, i.e., the porous barriers 31 
and 32 and the tube sheets 33 and 34, need not be 
sealed structures. The porous barriers 31 and 32. 
are designed to allow gas flow between the gen- 
erating chamber 14, operating at an approximate 
pressure slightly above atmospheric, and the 
preheating chambers 15 and 16, operating at a 
slightly lower pressure, as indicated by arrows 37 
and 38. However, barriers 32 may be made tighter 
in this invention so that all the fuel introduced into 
generating chamber 14 does not flow into preheat- 
ing chamber 16, but due to some means of restric- 
tion, such as use of a higher density material for 
barrier 32, approximately 1/2 of the entering fuel 
will exit to preheating chamber 15. 



While the generator 10 is shown in a horizontal 
orientation In Rg. 2, it can be operated in a vertical 
or other position. High temperature operative, elon- 
gated, solid electrolyte containing, electrochemical 

5 cell assemblies 40, preferably fuel cell assemblies, 
extend between the preheating chambers 15 and 
16 within the generating chamber 14. The cell 
assemblies have open ends 42 in the preheating 
chamber 16, and preferably, when used as fuel 

10 cells, have open ends, very porous closed ends or 
preferably holes 43 in the end caps 44, most 
clearly shown in Rg. 4, at the preheating chamber 
15. 

Referring now to Rg. 4, the fuel cell elements 

is 41 are preferably tubular, and include an electron- 
ically ionically conductive insulating, solid electro- 
lyte 45 sandwiched between two electrodes 47 and 
49. The electrodes and electrolyte need not have a 
separate support structure. Each cell assembly 40 

20 contains an inactive length opening end 48, as 
shown in Rg. 2 or Rg. 3. and segmented elec- 
trochemical lengths corresponding to the fuel cell 
element length 41. All of the cell element active 
lengths are contained within the generating cham- 

25 ber 14. Preferably, the air electrode is inner elec- 
trode 47 and comprises a wide outside diameter 
structure, with a relatively thick wall able to support 
the electrolyte 45 and an outer electrode 49, pref- 
erably a fuel electrode. In a preferred embodiment, 

30 the cell elements would be 40 mm long with a 45 
mm outside diameter. The air electrode wall would 
be about 3 mm thick with electrolyte and fuel 
electrode layers about 10 microns to about 150 
microns thick. This provides a mechanically sound 

35 ratio of tube thickness to outer diameter. A tube 
thickness greater than about 3 mm may result in 
considerable diffusion losses during operation. 
Such dimensions should not, however, be consid- 
ered limiting in any way. 

40 The inner electrode 47 is in electronic connec* 

tfon, i.e., free electron flow, with all the other inner 
electrodes in the cell sub-assembly. Again referring 
to the ceil element-interconnection member com- 
bination shown in Rg. 4, annular, electronically 

45 conducting interconnection ring members 51, gen- 
erally, but not limited to about 3 mm to about 10 
mm wide, are disposed between the cell elements, 
and contact and are bonded to the inner annular 
electrodes 47. The interconnection rings are non- 

50 porous to fuel and oxidant and chemically stable in 
those gases, while the inner electrode 47, prefer- 
ably an air electrode, is porous to oxidant, and the 
outer electrode 49, preferably a fuel electrode, is 
porous to fuel. The interconnection ring can have a 

55 square channel around its side circumference, to 
receive the inner electrode, as shown in the two 
interconnection rings near the end cap 44, or the 
interconnection ring can have a circular, grooved 
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channel to receive the inner electrode, as shown at 
point 53 in Fig. 4B. The interconnection ring can 
also present a simple, ungrooved, flat surface to 
the annular Inner electrode as shown at point 55 in 
Fig. 4A. 

In all cases, each annular inner electrode will 
be sinter bonded and/or cemented with a compati- 
ble, heat resistant, conductive cement to its con- 
tacting interconnection ring, to bond the ceil sub- 
assembly together. This conductive cement can 
contain air electrode material in a finely divided, 
i.e., 1 micron to 10 micron, sinter active form. As 
shown at point 57, any of the interconnection rings 
described, can have a notched or grooved channel 
to partly recess wire or other type of electrically 
conductive assembly connectors 59. Preferably, an 
optional metal coating 61 will be disposed between 
the interconnection ring 51 and the assembly con- 
nectors 59. 

As shown in Fig. 4, non-porous, electronically 
insulating electrolyte 45 is preferably applied over 
the outer adjacent surface of the interconnection 
rings 51 to overlap the outside surface of the 
interconnection rings, this provides a good gas 
tight seal, to prevent fuel gas and oxidant gas 
intermixing. As shown, the other electrodes 49 are 
physically and electronically segmented from each 
other so that there is no direct electronic, free 
electron flow path between outer electrode seg- 
ments on the same cell sub-assembly nor is there 
an electronic, free electron flow path between the 
outer electrodes and the inner electrodes, and each 
successive layer completely surrounds the bottom 
layer it contacts, with no axially extending radial 
segmentation. The inner electrode 47, preferably 
the air electrode, is, however, in direct short-path 
electronic contact with electronically conductive in- 
terconnection rings, so that free electrons e~ can 
.directly travel to adjacent inner electrodes on the 
; ^a^e sub-assembly, as shown at point 70 in Fig. 4. 

Thus, the elongated electrochemical cell as- 
^s^rnbly comprises a plurality of long, annular cell 
• sub-assemblies comprising a plurality of short, an- 
nular, self-supporting, cell elements, where each 
cell element comprises an inner annular electrode, 
an outer annular electrode, and annular, solid elec- 
trolyte disposed therebetween, with thin, annular, 
electronically conductive, interconnection members 
disposed between cell elements and bonded to 
contacting inner electrodes. 

In this assembly, the outer electrodes are elec- 
tronically segmented from each other on the same 
sub-assembly, but the. inner electrodes are elec- 
tronically connected to each other on the same 
sub-assembly. The outer electrodes and inner elec- 
trodes never .physically contact each other in the 
assembly. The sub-assembly is, then, a structure 
with a single interior electronic, free electron path, 



with multiple outer electrode and interconnection 
member electronic contacts, having a single interior 
gas space. Generally, the air electrodes can be 
extruded and cut to size, or molded, to provide the 
5 desired electrode construction. They are made of a 
porous material, and are sintered at from 1350°C 
to 1650 P C. The interconnections, likewise, can be 
extruded or molded to size and configuration. The 
interconnections are of a dense material, and are 
to sintered at from 1700°C to 1 800 °C. The air elec- 
trodes and interconnections are mated with appro- 
priate cement between them, as described pre- 
viously, and then are again sintered together at 
from about 1600° C to 1700° C under a load, to 
is bond the two together. Electrolyte can then be 
deposited over the whole and sandblasted off the 
interconnection, or the metal coating can be aplied 
to the interconnection first, in which case the elec- 
trolyte will not attach to the nickel coating. The air 

20 electrode then can be applied and nickel wires 
attached for series and parallel connections. 

Oxidant injector feed tube 20 is shown In Fig. 4 
displaced a distance from the inside end of end 
cap 44, which is made of a ceramic material, such 

25 as stabilized zirconia alumina or moagnesia, and is 
bonded to the end of the cell sub-assembly by a 
compatible, heat resistant cement 71 described 
later, or by sintering techniques. When the self- 
supporting cell assemblies of this invention are to 

30 be used as fuel cells, and when they are to be 
used in the high gas flow, dual preheater generator 
design of Fig. 2, instead of the standard generator 
design of Rg. 1, openings 43 can be drilled in or 
otherwise provided in the end caps 44. This open- 

35 ing 43 will be sized such that about half of the 
oxidant gas. P2, entering the feed tube 20 will pass 
through the opening 43, into preheating chamber 
15 beyond the end cap, and approximately half will 
reverse flow back in the annulus between the air 

40 electrode and the feed tube into preheating cham- 
ber 16, as also shown in Rg. 3. As mentioned 
previously, end cap 44 can be so porous as to 
acomplish the same result 

Referring now to Rg. 5, two sub-assemblies, 

45 72 and 73, each containing a plurality of cell ele- 
ments 41, are shown joined by an annular sleeve 
member 74, used in place of an interconnection 
member between the sub-assemblies. The sleeving 
means can also serve as an Inner support for 

50 oxidant injector feed tube 20. In the preferred 
sleeve design shown, the outer sleeve portion 75 is 
a dense ceramic material, such as dense stabilized 
zirconia. The outer sleeve is attached to electrolyte 
45, covering air electrode 47, by a compatible, heat 

55 resistant cement, shown as 76. This cement is 
similar to the cement 71 which can be used for the 
end cap, and can contain, for example, a fine and 
coarse mixture of zirconia particles, the fine par- 
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tides, 1 micron to 10 microns being sinter-active 
and the coarse particles, 10 microns to 100 
microns, acting as filler. Thus, air electrode under- 
lying the outer sleeve portion 75 retains a coating 
of dense solid electrolyte 45, so as to seal the 
abutting portions of air electrodes 47, but is bare of 
fuel electrode and is thus inactive. The inner sleeve 
portion 77 is a porous ceramic material, such as 
porous stabilized zirconia, also attached with a 
compatible, heat resistant cement similar to that 
just described, shown as 78. 

Thus, as shown in Fig. 5, dense sleeving ma- 
terial 45 overlies the air electrode joint 80 on the 
outside and is disposed next to electrolyte, and 
porous sleeving material 77 overlies the porous air 
electrode and air electrode joint 80 on the inside. 
This dense-porous sleeve construction is important, 
and helps to prevent air electrode degradation at 
joint 80. The dense electrolyte on the outside of 
the cell element along with bonding cement 76 
prevents any substantial fuel penetration to joint 80. 
Oxidant from inside the cell element can flow 
somewhat through porous inner sleeve 77 and ce- 
ment 78 to ensure that the air electrode at joint 80 
is kept in an oxidizing environment, to prevent 
gradual deterioration and cracking of the air elec- 
trode ends near the joint. The joining of the cell 
sub-assemblies 72 and 73 does not require ab- 
solute gas tightness since the very close fit pro- 
vides a long, narrow diffusion path for fuel, and hot 
spots cannot form due to the very low leak rate. 

Rg. 6 shows the annular, closed wall construc- 
tion of the cell elements, and a cross-section of the 
sleeve design of Fig. 5 along line VI-VI, more 
clearly pointing out the preferred three member 
spider support arms means 79, which project from 
the inside surface of inner sleeve 77, to support 
oxidant injector tube 20, while still allowing oxidant 
flow about the injector tube through spaces 81 
between the spider support arms. For sake of clar- 
ity; the sleeve" members 75 and 77 have been 
shown larger than actual cross-section. The pre- 
ferred number of spider support arms 79 is three, 
allowing good support and air flow, and ease of 
construction. The support extensions need not be 
the entire length of the sleeve 77 and coutd be 
made separately and glued to the inside of sleeve 
77. Use of these supports eliminates the possibility 
of the oxidant injector tubes contacting the inner 
portions of the ceil elements, allowing better and 
more controllable oxidant flow and lessening break- 
age possibilities. 

Although the cell elements have been shown in 
their preferred, simple, circular cross-section, this 
should not be considered limiting. Other configura- 
tions, such as the corrugated design shown in Rg. 
7 can be used, with air electrode 47, solid elec- 



trolyte 45, and fuel electrode 49 shown. Such de- 
signs may be of particular interest to gain more 
active surface, if the volume of the generator must 
be minimized. 

5 Oxidant, P2, preferably air or oxygen, is fed by 

some means, such as a manifolding means, into 
the oxidant injector or feed tubes 20, as shown for 
example in Rgs. 2 and 3. Fuel, such as hydrogen 
and carbon monoxide, shown as P! in Rg. 1, is 

70 also fed by some means, such as a manifolding 
means, into fuel injector or feed tubes 90. The fuel 
injector tubes 90, shown best in Rg. 3, are similar 
in many respects to the oxidant injector tubes 20. 
The fuel injector tubes can have an open end 

75 design, or a closed end design, where the walls are 
either very porous ceramic, or small holes are 
drilled or otherwise formed through the fuel injector 
tube wall. 

In some instances, it might be desirable to 

20 have a fuel reforming means integral with the gen- 
erator, to in-situ reform natural gas, various hy- 
drocarbons, such as methane, or alcohols, and the 
like, allowing their direct feed, usually along with 
steam. If it is desired to in-situ reform a raw fuel 

25 gas feed, the inside 93 of fuel injector tubes 90 can 
be lined, coated, or impregnated or otherwise con- 
tain a raw fuel reforming catalyst such as, for 
example, nickel. Heat loss from the in-situ en- 
dothermic reforming reaction can be covered by 

30 heat exchange through cell sub-assembly, heat ra- 
diation onto the fuel injector tubes near the fuel 
input end of the generator chamber. As can be 
seen from Fig. 3, support of the fuel injector tubes 
90 can be easily accomplished by tube sheet 33 

35 and porous barrier 31 . 

Each cell element can generate an open cell 
voltage as high about as 1 volt, and a plurality are 
electrically connected, preferably in a series-par- 
allel, close packed rectangular array. For descrip- 

40 tive purposes, and referring to Rg. 2, the arrange- 
ment can be described as including rows 50 and 
columns 52. Each cell element is electronically 
connected to the next adjacent eel! element, prefer- 
ably through conductive assembly connectors 59, 

45 best shown in Rgs. 3, 8 and 9. Generally, for the 
preferred configuration shown in Rg. 2, where fuel 
flows about each ceil and an oxidant, such as air, 
flows within each ceil, the anode is the outer pe- 
riphery of each cell and the cathode is on the 

so inside. 

Specifically referring to Fig. 8. going up the 
rows in column 52, the fuel electrode anode 49 of 
row 50' is contacted about its circumference, as at 
point 95, and is electronically connected to the 

55 interconnection ring member 51 of the staggered 
cell sub-assembly in row 50", as at point 96, by 
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conductive assembly connector 59, such as the 
wire shown. This provides series connections be- 
tween cell elements of adjacent staggered cell sub- 
assemblies. 

In the parallel connection path, shown in Fig. 9. 
outer fuel electrodes and interconnections of adja- 
cent cells, along a row 50 are not staggered but 
are similarly aligned, and are electronically con- 
nected, interconnection or interconnection and out- 
er fuel electrode to outer fuel electrode. Thus, 
specifically refering to Fig. 9A and Fig. 9B, where 
series connections are not shown for the sake of 
clarity, and where the cross-section is taken along 
different assembly lengths, i.e., the cross-section of 
row 50' is taken along line IXB-IXB of Fig. 4 
through the interconnection ring 51 , and the cross- 
section of row 50* is taken along fine IXA-IXA of 
Fig. 4 through the inner and outer electrode and 
electrolyte. As can be seen, referring to row 50/ of 
Fig. 9B f the conductive assembly connectors 59 
contact the interconnection ring members 51 of 
adjacent sub-assemblies, optional metal coating 61 
of Fig. 4 not being shown. In row 50* of Fig. 9A, the 
conductive assembly connectors 59 contact the 
outer fuel electrode 49 of adjacent subassemblies. 
Referring now to Fig. 2 of the drawings, the stag- 
gered cell assembly can be seen going down col- 
umn 52" also shown in Fig. 3, but a non-staggered 
relationship exists between assemblies along row 
50". 

With the configuration described and shown in 
Figs. 2 and 3, cells in the first row 50' generate, for 
example, approximately 1 volt unloaded, in the 
second row 50* voltages add up to approximately 2 
volts, in the third row 50~ at approximately 3 volts, 
and so fourth. Hundreds of ceils can be so con- 
nected electronically in series to achieve the de- 
sired voltage. The direct current electrical energy 
thus generated is collected by current collectors. 
. preferably, conductive metaJ plates with felt pads. 
Positive current collector 56,% shown in Fig. 3, is 
positioned in electronic contact with each cell as- 
sembly interconnection member in the first row 50', 
and a second collector, negative current collector 
56', is positioned in electronic contact with each 
ceil assembly outer electrode in the last row. Elec- 
trical leads 58 are accordingly provided to the 
current collectors, as best shown in Fig. 3. 

The fuel injector tubes 90, and the air injector 
tubes 20 are preferably loosely supported at one 
end in the respective tube sheets 33 and 34 as 
shown best in Fig. 3. The tube sheets 33 and 34 
are preferably stainless steel, with flow restricting 
adaptors that fit about the tubes 20 and 90. The 
tubes 20 are preferably comprised of alumina, and 
the tube sheets are covered with an insulation 62 
such as low density alumina. A small leakage of 
oxidant and fuel, as indicated by arrows 63, is 



acceptable. The air injector tubes 20 extend from 
the tube sheet 34 into the open end 42 of the fuel 
cell assemblies 40, a single tube 20 corresponding 
to a single fuel cell assembly. The porous barriers 

5 31 and 32, which allow a throughput of depleted 
fuel and air, are preferably a porous ceramic baffle, 
such as one comprised of fibrous alumina felt, or 
ceramic plate segments with porous inserts such 
as ceramic wool plugs, surrounding each fuel cell 

10 assembly 40. As mentioned previously, barrier 32 
may be tighter than barrier 31 to insure adequate 
depleted fuel flow into the preheating chamber 15. 

During operation, an oxidant such as air, P2, 
enters the inlet chamber 18 through inlet port 26. 

75 The chamber 18 can function as an inlet manifold 
for the individual air injector tubes 20. Air enters 
the injector tube conduits at a temperature of ap- 
proximately 500°C to 700 °C. and a pressure above 
atmospheric, usually being initially heated prior to 

20 entering the housing by conventional means such 
as a heat exchanger coupled with a blower. The air 
flows within the air injector tubes through the 
preheating chamber 16, where it is further heated 
to a temperature of approximately 900° C. The air 

25 then flows through the length of the air injector 
tube, being further, heated to approximately 
1000°C, and is discharged into the fuel cell assem- 
bly 40. 

The oxygen from the air within the fuel cell 

30 assembly -electrochemically reacts at the fuel cell 
cathode along the active length, depleting some- 
what in oxygen content as it approaches the open 
ends 42 and 43 of the cell assembly. The oxygen- 
depleted air is then discharged into the combustion 

35 product or preheating chambers 15 and 16. A fuel, 
such as hydrogen or a mixture of carbon monoxide 
with hydrogen, generally flows from a supply and if 
necessary, a preheating source into fuel inlet 
chamber 17 and then into fuel injector tubes 90 to 

40 flow into the generating chamber 1 4. The fuel flows 
over and about the exterior of the fuel cells, elec- 
trochemically reacting at the fuel electrode anode. 
The depleted fuel, containing approximately five 
percent to fifteen percent or more of its initial fuel 

45 content diffuses through the barriers 31 and 32 
and into the preheating chambers 15 and 16. 

The combustion products, including oxygen 
depleted air and fuel, along with any air or fuel 
leaking into the preheating chambers 15 and 16 

so through the tube sheets 33 and 34, directly react 
exothenmically. The heat of this reaction, which 
completely combusts the fuel, along with the sensi- 
ble heat of the depleted fuel and air. are utilized to 
preheat the incoming air and fuel. The combustion 

55 products are discharged through combustion prod- 
uct outlet ports 27 and 28 at a temperature of 
approximately 900 °C or lower. These outlet ports 
can be located in the combustion product cham- 
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bers 15 and 16 or the exhaust gases can be 
manifolded by appropriate means to flow out 
through the end walls of the generator 30 and 36, 
parallel to inlet flow. The remaining energy in the 
exhausted combustion products can be utilized to 
preheat the incoming air or fuel through, for exam- 
ple, an additional external heat exchanger or to 
generate steam in conventional generating appara- 
tus. 

Materials that can be used for the self-support- 
ing, gas porous, inner air electrode are doped and 
undoped oxides or mixtures of oxides in the per- 
voskite family such as LaMn03. LaNiCfe, LaCoCb, 
LaCr03, and other electronically conducting mixed 
oxides generally composed of rare earth oxides 
mixed with oxides of cobalt, nickel, copper, iron, 
chromium, and manganese, and combinations of 
such oxides. The electrolyte is usually a layer of 
gas-tight, solid oxide material preferably, yttria sta- 
bilized zirconia approximately 10 microns to 50 
microns thick. The electrolyte can be deposited on 
the air electrode by well known techniques. The 
outer fuel electrode must be gas porous, and is 
preferably a nickel-zirconia cermet or cobalt-zir- 
conia cermet material. It is usually about 10 
microns to about 150 microns thick. The intercon- 
nection ring member must be electrically conduc- 
tive in both an oxidant and fuel environment, and is 
preferably an oxide doped lanthanum chromite. 
These materi'als 'are well known and further de- 
scribed in U.S. Patent Specification No. 4,490,444. 
The metal plating on the interconnection ring outer 
surface can be nickel or cobalt and the preferred 
conductive assembly connectors are nickel wire, 
tape or felt. 

As mentioned previously, the electrochemical 
cell assemblies of this invention, having a closed 
fuel cell structure and containing a plurality of 
short, annular, self-supporting, large diameter cell 
elements, can be used in the prior generator de- 
sign containing a single generator chamber and a 
single preheating chamber, and modified, larger 
oxidant and fuel flow means. This will still provide 
outstanding cost savings in cell manufacture and 
generator assembly and through the reduction of 
the number of cell tubes. The electrochemical cell 
assemblies of this invention can also be used as 
electrolysis cells for steam and carbon dioxide, in 
which case the seaMess generator concept Is 
abandoned and, preferably, cell assemblies of the 
closed-one-end type are used, i.e., the end cap 44 
shown in Rg. 4 is closed. Also the open end 
inactive part of the electrolysis cell would prefer- 
ably be extended into the cooler region in order to 
affect positive seals of the reactants and reaction 
products. 



Generators in accordance with the seal-less 
arrangements described herein are self-starting, 
since fuel is essentially combusted to provide hot, 
oxidant-rich gases for the cathode. Additionally, 

s preheated fuel provides the gas for the anode. 
Also, lean fuel is directly combusted with oxidant in 
the combustion product chamber to further preheat 
the oxidant until a load is applied to the cells, at 
for examble, an active cell temperature of 700°C. 

70 Ohmic heating (l 2 R) in addition to the heat of the 
electrochemical reaction (polarization and entropic 
heat), will bring the generator up to its median 
operating temperature of between 800°C and 
1100°C in the active generator area. 

15 

Claims 

1. A single electrochemical cell, characterized 
20 in that said cell comprises a plurality of cell seg- 
ments each comprising an annular, electronically 
conductive^ porous, Inner electrode; solid electro- 
lyte contacting and surrounding said inner elec- 
trode; an electronically conductive, porous outer 

25 electrode contacting and surrounding said elec- 
trolyte; and an annular, electronically conductive, 
interconnection member disposed between adja- 
cent segments, electronically connecting the inner 
electrode of one cell segment to the inner elec- 

30 trode of an adjacent cell segment, the outer elec- 
trodes being physically and electronically segment- 
ed from each other and from the inner electrodes 
of adjacent cell segments. 

2. A ceil according to claim 1, characterized in 
35 that the inner electrodes are air electrodes and the 

outer electrodes are fuel electrodes. 

3. A cell according to claim 1 or 2, character- 
ized in that the electrolyte is an electronically in- 
sulating, gas-impermeable solid oxide material and 

40 the interconnection member is an oxide doped 
■ lanthanum chromite. 

4. A cell according to claim 1, 2 or 3, char- 
acterized in that the inner electrodes are self-sup- 
porting and the outer surface of the annular inter- 

45. connection members are partly covered with elec- 
trolyte. 

5. An electrochemical cell assembly character- 
ized in that said assembly comprises a plurality of 
the cells of any of the preceding claims joined 

so together by an annular sleeving means where the 
sleeving means joins ceil segments containing only 
electrolyte portions and inner electrode portions, 
said sleeving means comprising a dense outer 
portion disposed next to the electrolyte and a po- 

55 rous inner portion disposed next to the porous 
inner electrode. 
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6. An electrochemical cell assembly character- 
ized in that said assembly comprises a plurality of 
the cells of any of claims 1 to 4 disposed parallel 
to each other, where the outside surfaces of the 
annular interconnection members of each cell are 
electronically connected to the outer electrode sur- 
faces of parallel cells. 

7. An assembly according to claim 6, char- 
acterized in that said assembly is in a housing 
where a first gaseous reactant is flowed into the 
\ns\6e of the inner electrodes to contact the inner 
electrodes, and a second gaseous reactant is 
flowed about the outside of the outer electrodes to 
contact the outer electrodes. 

8. An axially elongated, annular, fuel cell as- 
sembly, characterized in that said assembly com- 
prises a plurality of cell elements each comprising 
a self-supporting, annular, electronically conductive, 
porous, inner air electrode; solid oxide electrolyte 
contacting and surrounding said air electrode; and 
an electronically conductive, porous, outer fuel 
electrode contacting and surrounding said elec- 
trolyte; with an annular, electronically conductive, 
interconnection members disposed between and 
bonded to the cell elements, and in that the inner 
air electrodes of the cell elements on the same cell 
assembly are electronically connected through the 
interconnection member while the outer electrodes 
of the cell elements on the same cell assembly are 
physically and electronically segregated from each 
other and from the inner electrodes on the same 
cell assembly. 

9. An assembly according to claim 8, char- 
acterized in that the outer surface of the annular 
interconnection members are partly covered with 
electrolyte. 

10. An assembly according to claim 8 or 9, 
characterized in that the air electrode is doped and 
undpped LaMnO* LaNiOs. LaCoCb, LaCrQj. or mix- 
tures thereof, the fuel electrode is nickel zlrconia 
cermet or cobalt zircon ia cermet, the electrolyte 

- comprises solid yttria stabilized zirconia, and the 
interconnection member is an oxide doped lan- 
thanum chromite. 

11. An assembly characterized in that said 
assembly comprises two fuel cell assemblies of 
claim 8, 9 or 10 joined together by an annular 
sleeving means joining cell elements containing 
only electrolyte portions and inner electrode por- 
tions, said sleeving means comprising a dense 
outer gas impermeable portion disposed next to 
the electrolyte and a porous inner portion disposed 
next to the porous air electrode. 

12. A fuel cell assembly characterized in that 
said assembly comprises a plurality of the cell 
assemblies of claim 8, 9 or 10 disposed parallel to 
each other, where the outside surfaces of the an- 



nular interconnection members of each fuel cell 
assembly are electronically connected to the outer 
fuel electrode surfaces of parallel cell assemblies. 
13. An assembly according to claim 12, char- 
5 acterized in that said assembly is in a housing 
where hot oxidant gas is flowed into the inside of 
the air electrodes to contact the air electrodes, and 
hot fuel gas is flowed about the outside of the fuel 
electrodes to contact the fuel electrodes.. 

10 14. A configuration of axially elongated, an- 

nular, electrochemical cells, characterized in that 
said configuration comprises one central, axially 
elongated, electrochemical cell assembly and a 
plurality of parallel, axially elongated, eiectrochemi- 

15 caJ cell assemblies, said electrochemical cell as- 
semblies having , a plurality of cell elements, the 
cell elements comprising an annular, electronically 
conductive, porous, inner air electrode, an annular, 
gas-impermeable, solid oxide electronically insulat- 

20 ing electrolyte contacting and surrounding said air 
electrode: and an annular, electronically conduc- 
tive, porous, outer fuel electrode contacting and 
surrounding said electrolyte; with an annular, elec- 
tronically conductive, interconnection member dls- 

25 posed between the cell elements, wherein the inner 
air electrodes of the cell elements on the same cell 
assembly are electronically connected through the 
interconnection member, and the outer electrodes 
of the cell elements on the same cell assembly are 

30 physically and elelctronically segmented from each 
other and from the inner electrodes on the same 
cell assembly, where the outside surfaces of the 
annular interconnection members of the central 
electrochemical cell a^embly are connected in 

35 series to adjacent electrochemical cell assemblies, 
such that said outside surfaces of the interconnec- 
tion members are electronically connected to the 
outer fuel electrode surfaces of parallel electro- 
chemical cell assemblies. 

4o 15. A configuration according to claim 14, char- 

acterized in that the central electrochemical cell 
assembly is also connected in to parallel elec- 
trochemical cell assemblies, such that the outside 
surfaces of the interconnection members of the 

45 central electrochemical cell assembly are electron- 
ically connected to the outside surfaces of the 
interconnection members of parallel electrochemi- 
cal assemblies, and the outside fuel electrode sur- 
faces of the central electrochemical cell assembly 

50 are electronically connected to the outside fuel 
electrode surfaces of parallel electrochemical cell 
assemblies. 

16. An electrochemical cell generator, char- 
acterized in that said generator comprises: 
55 (A) a housing means defining a plurality of 

chambers including a generator chamber and a 
combustion product chamber; 
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(B) a porous barrier separating said gener- 
ator and combustion product chambers; 

(C) a plurality of axially elongated, electro- 
chemical cell assembles disposed within said gen- 
erator chamber, said electrochemical cell assem- 
blies each comprising a plurality of cell elements, 
the cell elements comprising an annular electron- 
ically conductive, porous, inner electrode; solid 
electrolyte contacting and surrounding said first 
electrode; and an electronically conductive, porous 
outer electrode contacting and surrounding said 
electrolyte; with annular, electronically conductive, 
interconnection members disposed between the 
cell elements, wherein the inner electrodes of the 
cell elements on the same cell assembly are elec- 
tronically connected through the interconnection 
member, and the outer electrodes of the cell ele- 
ments on the same cell assembly are physically 
and electronically segmented from each other and 
from the inner electrodes on the same cell assem- 
bly, to provide a plurality of segmented electro- 
chemical lengths; 

(D) means for flowing a first gaseous reac- 
tant through said annular fuel cells and through 
said porous barrier into said combustion product 
chamber; 

(E) means for flowing a second gaseous 
reactant into said generator chamber, about said 
fuel cells, and through said porous barrier into said 
combustion product chamber; 

(F) means for segregating said first and sec- 
ond gaseous reactants from direct contact with one 
another prior to entry of each into said combustion 
product chamber; and 

(G) means to exhaust the first and second 
reactants from the combustion product chamber. 

17. A generator according to claim 16, char- 
acterized in that each electrochemical cell assem- 
bly comprises at least two parts, each part joined 
together by an annular sleeving means, where the 
sleeving means joins ceif elements containing only 
electrolyte portions and inner electrode portions, 
said sleeving means comprising a dense outer 
portion disposed next to the electrolyte and a po- 
rous inner portion disposed next to the porous 
inner electrode, where the inner electrode is an air 
electrode, the outer electrode is a fuel electrode, 
the electrolyte is a gas impermeable solid oxide 
material, and the interconnection is an oxide-doped 
lanthanum chromite. 

18. A generator according to claim 16 or 17, 
characterized in that the inner electrode is self- 
supporting and the outer surface of the annular 
interconnection members are partly covered with 
electrolyte. 

19. A generator according to claim 16, 17 or 
18, characterized in that the outside surfaces of the 
annular interconnection members of each electro- 



Chemical cell assembly are connected in series to 
an adjacent electrochemical cell assembly, such 
that said outside surfaces of the interconnection 
members are electronically connected to the outer 

5 fuel electrode surfaces of an adjacent electro- 
chemical cell assembly. 

20. A generator according to any of claims 16 
to 19, characterized in that the generator chamber 
is disposed between two combustion product 

10 chambers with a porous barrier separating each 
combustion product chamber from the generator 
chamber, where the first gaseous reactant and the 
second gaseous reactant can flow into both com- 
bustion product chambers. 

75 21. A generator according to claim 20, char- 

acterized in that the first gaseous reactant is fed 
into electrochemical ceil assemblies having each 
end open to a combustion product chamber. 

22. A generator according to claim 21, char- 
20 acterized in that each electrochemical ceil assem- 
bly has a gas injector tube extending into the cell 
assembly to discharge the first gaseous reactant 
within the electorchemicai cell and has a means for 
flowing the first gaseous reactant into each gas 

25 injector tube, and where a plurality of gas injector 
tubes are disposed outside of and among the elec- 
trochemical cell assemblies in the generator cham- 
ber and have a means for flowing the second 
gaseous reactant into the generator chamber, 

30 where the openings in the electrochemical cell as- 
semblies and the porosities of the porous barriers 
separating each combustion product chamber from 
the generator chamber allow approximately equal 
flow of both gaseous reactants into both combus- 

35 tion product chambers. 

23. An electrochemical cell generator, char- 
acterized in that said generator comprises: 

(A) a housing means defining a plurality of 

chambers including two combustion product cham- 
40 bers with a genreator chamber disposed between 
* them; 

(B) porous barriers separating said generator 
chamber from the two combustion product cham- 
bers; 

45 (C) a plurality of axially elongated, annular, 

electrochemical cells disposed within said gener- 
ator chamber; 

(D) means for flowing a first gaseous reac- 
tant through said annular electrochemical cells and 

so through said porous barriers into both of said com- 
bustion product chambers; 

(E) means for flowing a second gaseous 
reactant into said generator chamber, about said 
electrochemical cells, and through said porous bar- 

55 riers into both of said combustion product cham- 
bers; 
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(F) means for segregating said first and sec- 
ond gaseous reactants from direct contact with one 
another prior to entry to each into said combustion 
product chambers; and 

(G) means to exhaust the first and second 
reactants from the combustion product chambers. 

24. A generator accoarding to claim 23, char- 
acterized in that the electrochemical cells each 
comprise a plurality of cell elements, the cell ele- 
ments comprising an annular, electronically con- 
ductive, porous, inner electrode; solid electrolyte 
contacting and surround said first electrode; and an 
electronically conductive, porous, outer electrode 
contacting and surrounding said electrolyte; with 
annular, electronically conductive, interconnection 
members disposed between cell elements, and in 
that the inner electrodes of the cell elements on the 
same cell assembly are electronically connected 
through the interconnection member, and the outer 
electrodes of the cell elements on the same cell 
assembly are physically and electronically seg- 
mented from each other and from the inner elec- 
trodes on the same cell assembly, to provide a 
plurality of segmented electrochemical lengths. 

25. A generator according to claim 24, char- 
acterized in that each electrochemical cell assem- 
bly comprises at least two parts, each part joined 
together by an annular sleeving means,, where the 
sleeving means joins cell elements containing only 
electrolyte portions and inner electrode portions, 
said sleeving means comprising a dense outer 
portion disposed next to the electrolyte and a po- 
rous inner portion disposed next to the porous 
inner electrode, where the inner electrode is an air 
electrode, the outer electrode is a fuel electrode, 
the electrolyte is a gas impermeable solid oxide 
material and the interconnection is an oxide doped 
lanthanum chromite. 

26. A generator according to claim 24 or 25, 
characterized in that the inner electrode is seff- 
supportting and the outer surface of the annular 
interconnection members are partly covered with 
electrolyte. 

27. A generator according to claim 24, 25 or 
26, characterized in that the first gaseous reactant 
is fed into electrochemical cell assemblies having 
each end open to a combustion product chamber. 

28. A generator according to claim 27, char- 
acterized in that each electrochemical cell assem- 
bly has a gas injector tube extending into the cell 
assembly to discharge the first gaseous reactant 
within the electrochemical ceil and has a means for 
flowing the first gaseous reactant into each gas 
injector tube, and in that a plurality of gas injector 
tubes are disposed outside of and among the elec- 
trochemical cell assemblies in the generator cham- 
ber and have a means for flowing the second 
gaseous reactant into the generator chamber, 



where the openings in the electrochemical cell as- 
semblies and the porosities of the porous barriers 
separating each combustion product chamber from 
the generator chamber allow approximately equal 
5 flow of both gaseous reactants into both combus- 
tion product chambers. 

29. A solid electrolyte fuel cell generator, char- 
acterized in that said generator comprises: 

(A) a housing means defining a plurality of 
io chambers including a generator chamber and two 

combustion product chambers with a generator 
chamber disposed between them; 

(B) porous barriers separating said generator 
chamber from the two combustion product cham- 

15 bers; 

(C) a plurality of axiaJly elongated, annular, 
electrochemical cell assemblies disposed within 
said generator chamber, said electrochemical cell 
assemblies each comprising a plurality of ceil eie- 

20 ments, the cell elements comprising an annular, 
electronically conductive, porous, inner electrode; 
solid electrolyte contacting and surrounding said 
first electrode; and an electronically conductive, 
porous outer electrode contacting and completely 

25 surrounding said electrolyte; with annular, electron- 
ically conductive, interconnection members dispos- 
ed between the cell elements, electronically con- 
necting the inner electrodes of the cell elements to 
the inner electrode of adjacent cell elements on the 

30 same ceil assembly, and the: outer electrodes of 
the cell elements are physically and electronically 
segmented from the outer assembly and from the 
inner electrodes of adjacent cell elements on the 
same cell assembly, to provide a plurality of seg- 

35 mented electrochemical lengths; 

(D) means for flowing a first gaseous reac- 
tant through said annular fuel cells and through 
said porous barriers into both of said combustion 
product chambers; 

4o (E) means for flowing a second gaseous 

reactant into said generator chamber, about said 
fuel cells, and through said porous barriers into 
both of said combustion product chambers; 

(F) means for segregating said first and sec- 
45 ond gaseous reactants from direct contact with one 

another prior to entry of each into said combustion 
product chambers; and 

(G) means to exhaust the first and second 
reactants from the combustion product chambers. 

so 30. A generator according to claim 29, char- 

acterized in that each electrochemical cell assem- 
bly, comprises at least two parts, each part joined 
together by an annular sleeving means, where the 
sleeving means joins cell elements containing only 

55 electrolyte portions and inner electrode portions, 
said sleeving means comprising a dense outer 
portion disposed next to the electrolyte and a po- 
rous inner portion disposed next to the porous 
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inner electrode, where the inner electrode is an air 
electrode, the outer electrode is a fuel electrode, 
the electrolyte is a gas impermeable solid oxide 
material and the interconnection is an oxide doped 
lanthanum chromite. . s 

31. A generator according to claim 29 or 30, 
characterized in that the inner electrode is self- 
supporting and the outer surface of the annular 
interconnection members are partly covered with 
electrolyte. *o 

32. A generator according to claim 29, 30 or 
31. characterized in that the first gaseous reactant 
is fed into electrochemical cell assemblies having 
each end open to a combustion product chamber. 

33. A generator according to claims 29 to 32, is 
characterized in that the outside surfaces of the 
annular interconnection members of each electro- 
chemical cell assembly are connected in series to 

an adjacent electrochemical cell assembly, such 
that said outside surfaces of the interconnection 
members are electronically connected to the outer 
fuel electrode surfaces of an adjacent electro- 
chemical cell assembly. 

34. A generator accprding to claim 33, char- 
acterized in that each electrochemical cell assem- 
bly is also connected in parallel to adjacent elec- 
trochemical cell assemblies, such that the outside 
surfaces of the annular interconnection members of 
the electrochemical cell assemblies are electron- 
ically connected to the outside surfaces of the 
annular interconnection members of adjacent elec- 
trochemical assemblies, and the outside fuel elec- 
trode surfaces of the electrochemical cell assem- 
blies are electronically connected to the outside 
fuel electrode surfaces of adjacent electrochemical 
cell assemblies. 

35. A generator according to any of claims 29 
to 34, characterized in that each electrochemical 
cell assembly has a gas injector tube extending 
into the cell assembly to discharge the first gas- 
eous reactant within the electrochemical cell and 
has a means for flowing the first gaseous reactant 
into each gas injector tube, and in that a plurality of 
gas injector tubes are disposed outside of and 
among the electrochemical cell assemblies in the 
generator chamber and have a means for flowing 
the second gaseous reactant into the generator 
chamber, the openings in the electrochemical cell 
assemblies and the porosities of the porous bar- 
riers separating each combustion product chamber so 
from the generator chamber allowing approximately 
equal flow of both gaseous reactants into both 
combustion product chambers. 

36. A generator according to claim 35, char- 
acterized in that the inner electrode is an air elec- ss 
trode, the outer electrode is a fuel electrode, the 

first gaseous reactant is an oxidant and the second 
gaseous reactant is a fuel, and where the gas 



injector tubes disposed outside of the electro- 
chemical cell assemblies have an inner coating of a 
fuel reforming catalyst. 

37. A generator according to claim 35 or 36, 
characterized in that the gas injector tube extend- 
ing into the cell assembly is supported within the 
assembly by the inner portion of the sleeving 
means. 
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